Abstract Field surveys conducted during 2015-2016 to determine the natural occurrence and distribution of the viruses in broccoli in Samsun, Turkey revealed that samples tested in enzyme linked immunosorbent assay were infected with CMV but none of the other viruses tested. This is the first report of CMV infection of broccoli in Turkey-Samsun.
Broccoli (Brassica oleracea L. var. italica) gained as economic important value due to its ingredients like vitamin C and anticarcinogenic property [2] . Broccoli means 'little sprouts' in Italian. It's part of the Brassica family of vegetables which includes broccoli, cauliflower, cabbage, Brussels sprouts, turnips and Swedes. Broccoli is one of the most important brassica vegetable crops in Turkey [1] . Annual broccoli production in Turkey is 46.353 tonnes according to 2015 records. Samsun province has a big share of broccoli production [14] .
Diseases are important factors limiting the production of brassica vegetables, which are known to be affected by 10-20 different viruses [16] . A number of virus species such as Cucumber mosaic virus (CMV), Cauliflower mosaic virus (CaMV), Turnip mosaic virus (TuMV), Turnip yellow mosaic virus (TYMV), Beet western yellows virus (BWYV), Tobacco mosaic virus (TMV), and Tomato spotted wilt virus (TSWV) are known to infect brassica crop [6, 11, 13, 16] . CMV is one of the the most important virus infecting field-grown vegetables in a survey of virus diseases in 28 countries [15] .
CMV is the type species of the genus Cucumovirus with a wide host range of more than 1,000 species [12] . It is an economically important plant virus causing diseases of many field grown vegetables [10] . CMV is transmitted by some 80 species of aphids in 33 genera, in a non-persistent non-circulative manner. Myzus persicae (Sulz.) and Aphis gossypii Glov. are the most efficient vectors for CMV [4, 9] .
The present study was conducted to determine the occurrence of common viruses and possible emerging viruses in major broccoli growing areas of the middle Black Sea region of Turkey during 2015-2016.
Surveys for the occurrence of common viruses in broccoli were made from different localities at Samsun province where members of Brassica were grown. There were frequent visits to assess the prevalence of the viruses during their growth periods. Samples from approximate ten individual plants per area in nine broccoli-growing areas were collected during the surveys. Broccoli leaf samples from 84 different plants analyzed by the double-antibody sandwich-enzyme linked immunosorbent assay (DAS-ELISA) using specific antisera to CMV, TuMV, CaMV, TYMV, TMV, TSWV (Bioreba), and BWYV (Agdia).
The samples for ELISA were homogenized by grinding of leaf tissue in 0.01 M phosphate-buffered saline (pH 7.4) containing polyvinylpyrrolidone, bovine serum albumin, and Tween 20. Sap extracts were tested by DAS-ELISA, described by Clark and Adams [3] , according to the manufacturer's instructions. All samples tested in two replicate wells and the samples were considered positive for the tested virus if the absorbance reading was more than three times that the mean absorbance of the negative controls [6, 16] .
In the 2015-2016 growing season, surveys were conducted in broccoli fields of Samsun, where some virus-like symptoms were observed visually. Mosaic, mottling, yellowing on leaves, stunting of the plant are symptoms observed on broccoli in the region. Symptom based diagnosis of virus infection in the cultivated varieties of broccoli are difficult in the field conditions. DAS-ELISA is routinely used for the detection and identification of viruses in vegetable crops. Because of its sensitivity, economical use of antiserum, availability of quantifiable data and amenability for automation for large scale application, ELISA has become a popular and preferred technique [7] . Eighty-four symptomatic and non-symptomatic leaf samples of broccoli were analyzed using DAS-ELISA to determine the presence of seven viruses in Samsun province of Turkey. The results of serological tests showed that broccoli plants were infected with only CMV. The CMV was present in 4.76% (four samples) of tested leaf samples. Tests were conducted using several negative controls for each virus. The range of ELISA absorbance values of negative controls varied from 0.045 to 0.091 at 405 nm, depending on antisera used. Positive samples gave absorbance values of 0.271-0.490 and the absorbance value of the positive control was above 0.4 for CMV.
In the present study, only CMV infections were found in broccoli crops at low frequency and incidence (4.7%). These results are similar to those from survey of Tasmanian vegetable crops (broccoli, carrots, cauliflower, common bean, and pea) over three seasons (2007) (2008) (2009) (2010) . Potyvirus and CMV infections were detected infrequently and at low incidence in broccoli (1/24 crops; 0.01% and 1/18 crops; 0.02%) only [16] .
TuMV, CaMV, BWYV, TYMV, and TSWV have been reported from Crucifers and other agricultural crops in different countries [8] , but these viruses were not detected on broccoli crops in the current study. Similarly, no infections with BWYV, CaMV or TuMV were found in eight broccoli crops in south-west Australia in 2001 [5] .
In conclusion, in the current paper we report the occurrence of CMV infecting broccoli from Samsun province of Turkey. Its ubiquitous nature may be attributed to transmission by aphids and through seeds. However, the other viruses included in our survey in 2015-2016 were not detected with the antisera used.
